Modeling and forecasting the volatility of stock markets has been one of the major topics in financial econometrics in the last years. The aim of the study is to evaluate the forecasting performance of GARCH-type models in terms of their in-sample and out-of-sample forecasting accuracy in the case of Romanian stock market. We use daily stock index return data from Romania (BET index) covering the period 09/03/2001 to 02/29/2012.We find that the TGARCH model is the most successful in forecasting the volatility of BET index. Our results have important significance in the calculation of Value-at-Risk (VaR) and in risk management process.
Introduction
Modeling and forecasting financial markets volatility have been an important empirical and theoretical research topic in the last three decades. The main reasons for such intense concern are the facts that volatility is one of the features of today financial markets and the forecast of volatiliy has numerous application in the field of finance, i.e., risk management (Value-at-risk, hedging) , portfolio management, option pricing, capital asset pricing, and monetary policy making. As a result, there are numerous articles and working papers that study forecasting performance of various volatility models.
The aim of this paper is to evaluate the forecasting performance of various GARCH models using data for BET (Bucharest Exchange Trading) index covering the period 09/03/2001 to 02/29/2012. Comparing with other papers, we employed a wider selection of GARCH models, three error distribution assumptions, and a longer period of time.
The rest of the paper is organized as follows. In the next section a review of the existing literature is provided. In section three, an explanation of the data and models used is given. Section four discusses the empirical findings and section five concludes the paper.
Literature review
ARCH(Autoregressive Conditional Heteroskedasticity) and Generalized ARCH (GARCH) models have emerged as the most proeminent tools for estimating volatility, because they are adequate to capture the random movement of the financial data series. Many researchers have studied over time the performance of GARCH models on explaining volatility of mature stock markets, but only a few have tested GARCH models using daily data from Central and Eastern European stock markets (see, for example, Kash-Haroutounian and Price, 2001; Poshakwale and Murinde, 2001; Murinde and Poshakwale, 2002; Patev and Kanaryan, 2006; Lupu and Lupu, 2007; Miron and Tudor, 2010; Harisson and Moore, 2011; . The focus of our paper is on forecasting stock market volatility in Romania, a market which has not been thoroughly investigated.
Several studies results have confirmed that asymmetric GARCH-models fit better stock markets returns volatility for emerging CEE countries. Lupu and Lupu (2007) found that an EGARCH (Exponential GARCH) model is suitable for the logarithmic returns of the Romanian composite index BET-C covering the period 03/01/2002 -17/11/2005 .Miron and Tudor (2010 employed different asymmetric GARCH-family models (EGARCH, PGARCH, and TGARCH) using U.S. and Romanian daily stock return data corresponding to the period 2002-2010. They found that volatility estimates given by the EGARCH model exhibit generally lower forecast error and are therefore more accurate than the estimates given by PGARCH and TGARCH models.
One of the latest paper (Harisson and Moore, 2011) has studied the stock market volatility in 10 stock exchanges in CEE countries (Bulgaria, Czech Republic, Estonia, Hungary, Latvia, Poland, Romania, Slovenia, and Slovak Republic) covering the period 1991-2008. Their results confirmed that models which allow for asymmetric volatility consistently outperform all other models considered.
Data and Methodology
The data consist of 2,737 daily observations of the BET index from the period 09/03/2001 to 02/29/2012. The series were obtained from Datastream International. The first part of the sample, consisting of 2519 observations (09/03/2001 to 04/29/2011), was used to calculate returns summary statistics and for estimation of GARCH models. The second part of the sample, consisting of 218 observations (05/02/2011 to 02/29/2012), was left for examination of the out-of-sample forecasting accuracy.BET index is a value-weighted index of the shares of the 10 companies with the highest market capitalization that are traded on Bucharest Stock Exchange. Daily returns are computed as logarithmic price relatives: R t = ln (P t /P t-1 ), where P t is the daily price of the BET at time t.
ARCH models have their roots in a study by Robert Engle (1982) and have been generalized (GARCHGeneralized Autoregressive Conditional Heteroscedasticity) by Bollerslev (1986) and Taylor (1986) , becoming extremely useful tools in applied financial econometrics. These models have been further extended in order to cover the asymmetric impact (or leverage effect) of returns on volatility and long memory property in the volatility. In order to capture the asymmetry of the volatility Nelson (1991) developed the exponential GARCH model (EGARCH). An overview of the GARCH models used in the analysis is presented in table 1 (See Poon & Granger (2003) , Xiao & Aydemir (2007) , and Andersen et al. (2006a,b) for an extensive review of volatility forecasting models developed in the last years). To perform a more thorough evaluation, the normal distribution function, the Student-t distribution function, andGeneralized Error Distribution (GED)were chosen as possibile distributions for the error terms. The asymmetric impact is incorporated into the GARCH framework by use of a dummy variable >0, -i < 1, i i,
The volatility was defined through the conditional mean and the conditional variance equations. A GARCH-M model is used to estimate the conditional mean, while for the conditional variance equation two symmetric models (GARCH and IGARCH) and three asymmetric models (TGARCH, EGARCH, and PGARCH) were tested. Table 2 presents the main summary statistics and a few tests for the BET returns. The mean is close to zero and positive as is expected for a time series of return. We notice a large difference between the maximum and minimum return of the index. The skewness coefficient is negative for our time series, suggesting that it has a long left tail and that BET index has non-symmetric returns. The series also exhibits an excess kurtosis of 10.54, indicating that the returns are not normally distributed. The hypothesis that log returns are normally distributed is tested using the Jarque-Bera test statistic and the results confirm that the null hypothesis of normality is rejected at the significance level of 5%. The sample has been tested for stationarity using the Augmented Dickey-Fuller Unit Root Test (Dickey & Fuller, 1979) . The null hypothesis of a unit root is rejected (not presented here but available from the author upon request) and therefore the series is stationary. From the analysis we conclude that the sample has the characteristics of financial series (volatility clustering, leptokurtosis, heteroscedasticity in the residuals, and autocorrelation in the residuals) and we can employ GARCH-type models to model and forecast conditional volatility. Table 3 reports the parameter estimates of all conditional volatility models employed in the analysis and information criteria and the log-likelihood function for the estimated GARCH models.The coefficients of all GARCH models are significant at all levels suggesting the strong validity of the models. With one exception (EGARCH), the sum of ARCH and GARCH coefficients is very close to one, indicating that volatility shocks are quite persistent, indicating that large changes in returns tend to be followed by large changes and small changes tend to be followed by small changes. For all asymmetric GARCH models, the different from zero implying that series are not symmetric and leverage effects are present. In three cases (TGARCH, that the future volatility more th . The results presented in table 3 show that the model that obtained the lowest values for AIC and SBC, respectively the highest value for log-likelihood function is TGARCH, followed closely by PGARCH (1,2,1) . These criteria reveal that TGARCH and PGARCH(1,2,1) models with normal distribution better estimate the series compared to the other models.
Empirical results
We re-estimate the TGARCH and the simple GARCH(1,1) models under the assumptions that residuals follow a Student distribution, respectively a GED distribution. Table 4 shows AIC, SBC and log-likelihood values for both models, confirming that volatility estimates given by TGARCH model with GED and Student distributions are more accurate than the estimates computed by the GARCH model. The forecasting accuracy of each model is measured with the root mean square error (RMSE), the mean absolute error (MAE), the mean absolute percentage error (MAPE), and Theil inequality coefficient (TIC). An extended review of forecast performance criteria can be found in Poon & Ganger (2003) . Table 5 outlines the values of these forecasting accuracy criteria for the out-of-sample BET forecasts. At first sight we can conclude that the asymmetric models are better than symmetric models, but with little gain. Using a Gaussian error distribution the model that holds the best performance in 3 out of 4 criteria is TGARCH, followed closely by PGARCH (1,2,1). It can be observed that in the cases of GARCH and TGARCH models, using a Student and a GED error distribution the forecasts of the Romanian BET index perform better. However, since the out-ofsample forecast uses a small sample data, we cannot draw clear conclusions about the forecasting performance of the studied models.
Conclusions
Stock market volatility has numerous implications on the real economy. Changes in stock market volatility investment decisions. Forecasting stock market is therefore crucial in many areas of finance such as option pricing, Value-at-Risk applications and portfolio selection. This paper contributes to the existent literature through the expansion of the research concerning the estimation of stock market volatility using GARCH-type models and their forecasting performance in an emerging capital market from Europe.We findstrong evidence that daily returns can be characterised by the GARCH-type models.We compared the forecasting performance of several GARCH models (under different error distributions) in terms of sample fit and out-of-sample forecast ability. We find that TGARCH and PGARCH(1,2,1) are the most successful models according to information criteria (AIC and SBC) and log-likelihood function.
